(From the Hospilal of The Rockefeller Instilute for Medical Research)
(Received for publication, December 10, 1931) Avery and Dubos (1--4) have described an enzyme of bacterial origin which possesses the property of specifically decomposing the capsular polysaccharide of Pneumococcus Type III. When injected together with the infecting organisms this enzyme protects mice against infection with Type III pneumococci and has a curative action when given after a generalized infection has been established.
The present paper deals with the curative action of this specific enzyme in the experimental disease brought about by infecting rabbits intradermally with a strain of Type III Pneumococcus of high virulence for these animals.
The characteristics of this experimental disease in rabbits have been previously described, especially with reference to Type I pneumococcus infections (, [5] [6] [7] [8] . The disease offers peculiar advantages for the study of the curative action of a specific agent since the lesion is visible and the course of the infection can easily be followed.
In order to produce the experimental disease with Type III pneumococci it is necessary to use a strain which is highly virulent for rabbits. In these experiments we have used a culture of Type III Pneumococcus designated "PH," a virulent strain previously described by Tillett (9) in his studies of the infectivity of Type III Pneuraococcus for rabbits.
The usual strains of Type I I I Pneumococcus, even when freshly isolated from cases of lobar pneumonia, are not highly virulent for rabbits, and in most instances the symptoms are mild as compared with those resulting from infection with Type I pneumococci. If a sufficient number of organisms are used a fatal infection 393
can be brought about with some strains but the results are somewhat irregular. Similar experiences have also been reported by TiUett (9) , and by Watson and Cooper (10) . Occasionally, however, a strain is encountered which is highly virulent for rabbits. Such a strain was employed in these experiments.
EXPERIMENTAL
The methods of infecting the rabbits and of following the course of the disease differed in no essential from those described in previous studies.
Pneumococcu~ Cultures.--The Type III Pneumococcus used in these experiments was the rabbit-virulent strain described by TiUett (9) under the designation "PH." This was grown in rabbit blood broth and possessed a virulence for mice such that 0.000,000,01 cc. of an 18 hour culture, given intraperitoneaUy, sufficed to kill within 96 hours. The virulence for rabbits was maintained by frequent animal passage and was such that 0.000,01 cc., given intradermally, caused death or a protracted disease of severe character. With doses of 0.001 cc. only about 5 per cent of untreated animals ultimately recover.
Infectlon.--Healthy male rabbits of 1,800 to 2,200 gm. were selected, and the hair was removed from the abdominal and flank areas. The animals were then injected intradermally, at a site midway on the flank area, with 0.2 cc. of a dilution of the culture containing the desired number of organisms. In the experiments reported in this paper the infective amount was 0.001 cc. of an 18 hour blood broth culture.
Enzyme Preparations.--The enzyme preparations used in these experiments were, for the larger part, purified and concentrated by the method described by Dubos (4) . For the purposes of the present study a unit of enzyme may be defined as one hundred times the smallest amount which will bring about the complete decomposition of 0.01 mg. of the purified specific capsular polysaccharide in 18 hours at 37°C. The exact method for its quantitative estimation has been previously described (4) .
Therapeutic Treatment.--The desired amount of enzyme preparation was warmed to 37°C. and injected intravenously at a rate not greater than 1.5 cc. per minute. All preparations were isotonic and were adjusted approximately to pH 7.3.
The development of the lesion and the associated events differ in no essential from those observed in Type I pneumococcus infections, and may be summarized as follows:
After the intradermal injection of 0.001 cc. of an 18 hour culture of rabbit-virulent Type III Pneumococcus in the flank area of the rabbit, there is at first a latent period of 3 to 5 hours. Then, near the point of inoculation there appear signs of early inflammation. Edema appears and spreads ventrally at a rate of 2 to 3 cra. an hour, carrying with it the infecting organisms. After 9 to 12 hours the edema has usually reached the ventral midline. More and more edema fluid collects in this area until the entire zone becomes tense and swollen. Within 20 to 28 hours a moderate degree of induration is present and this increases gradually until at 48 hours the involved tissue is quite firm. The lesion is marked by an orangered color, which in the spreading lesion always develops subsequent to the passage of the edema fluid through a particular area. The local lesion resembles that induced with Type I Pneumococcus except that there is a greater amount of purpura and of frank hemorrhagic necrosis.
With the first developments in the local lesion, the temperature begins to rise and usually reaches a point well over 104°F. at 20 hours, then rises slowly to an average level of 106°F. This high temperature usually persists until the time of death or recovery.
Pneumococci usually appear in the circulating blood 15 to 22 hours after infection and the number rapidly increases. The severity of the disease at any one time appears to be directly related to the number of pneumococci in the blood stream.
Most of the untreated animals die on the 3rd or 4th day of the infection. A few rabbits recover, but only after a course of high temperature persisting for 8 or 9 days.
Course of Events Following the Administration of Enzyme
At the beginning of these studies there existed no basis on which to judge the amounts of enzyme necessary to bring about recovery. It soon became apparent that by the injection of adequate amounts of the specific enzyme 24 hours after the infective inoculation, it was possible to bring about an early and complete cessation of the disease. The blood stream was freed of pneumococci and the organisms disappeared from the local lesion in the course of a few hours. Following the administration of the enzyme, the temperature at first became higher, but fell within 24 hours to normal levels. The local lesion failed to spread and soon showed signs of heating. A detailed account of the findings in treated rabbits follows.
Temperature.--The enzyme has usually been injected 24 hours following the infection, when the rectal temperature is usually 1040F. or higher. Following the administration of the enzyme the temperature rises abruptly, in many instances as high as 107°F. This rise appears to be slightly greater than that occurring after the administration of saline, serum, or vaccines. The peak is generally reached about 2 hours after the injection, but within 4 or 5 hours the temperature begins to fall and is usually normal within 24 hours. Provided the amount of enzyme has been sufficient, the temperature remains low.
Blood evidence, being more marked in the older and less edematous part of the lesion. The consistency of the lesion is still soft. After intravenous enzyme administration the intensity of the color of the lesion is increased, and in many instances a large area becomes purpuric within a few hours. With the subsiding of the temperature following treatment the bright color of the lesion begins to fade. After 48 hours all of the non-purpuric areas have again taken on the normal color of the neighboring skin. Following the administration of the enzyme the lesion becomes much firmer and not only does not increase further in extent and magnitude, but actually diminishes. After several days most of the swelling has disappeared. The superficial necrotic material of the purpuric areas is not absorbed but sloughs, and the actual healing of the local lesion is slow and frequently requires many days. With the disappearance of the inflammatory color the surface of the lesion becomes much less glossy, and desquamation, which in other experiments has been associated with healing, makes its appearance.
Direct cultures of material aspirated from the lesion have usually shown viable pneumococci for several hours after treatment, but after 5 to 10 hours the cultures are sterile. fig. 1 is typical. 24 hours after infection the temperature was 105.4°F. and the blood cnlture showed 165 pneumococci per cc. of blood. At this time, 100 units of the specific enzyme were injected intravenously. The temperature rose to 107.3°F., but after 5 hours began to fall rapidly. The temperature continued to fall until at 48 hours it was within the normal range. Immediately following the injection of the enzyme the pneumococci disappeared from the blood and did not again make their appearance. The recovery was uneventful.
Leukocytes.--Immediately
The control rabbit (Text- fig. 2 ) had a milder disease than the one which received the enzyme enjection, since 24 hours after infection no bacteria were present in the blood stream. Nevertheless, in the absence of treatment with enzyme, the severity of the disease increased, and the animal died in 87 hours.
The results obtained in the treatment of a large series of infected animals indicate that in cases with severe bacteriemia large quantities of the enzyme are necessary to obtain successful results, while in animals having fewer organisms in the blood at the time of treatment smaller amounts of the enzyme are adequate.
In our most recent work, nineteen infected rabbits have been treated with large amounts of concentrated enzyme. Of these only one died. On the other hand, among thirty-eight similarly infected rabbits which were untreated, only two survived, and then only after a severe and protracted illness. 
Specificity of the Action of the Enzyme
Infections in each case intradermal. Dilutions were arranged so that the required inoculum was in each case contained in 0.2 co. of broth. Each treated animal received a single injection of 100 units of enzyme (6 ec.) intravenously 24 hours after infective inoculation. 
The Specificity of the Curative Action of the Enzyme
In the work of Avery and Dubos, previously referred to, it was shown that Pneumococcus Type III bacteriemia in mice could be checked by the intraperitoneal injection of the specific enzyme and that this action was specific for Type III Pneumococcus. It seemed desirable to investigate the specificity of the action of the enzyme in this experimental disease in rabbits in which the focus of the infection is more localized and less accessible to therapeutic agents introduced by the intravenous route.
An experiment which illustrates the specificity of the action of the enzyme is summarized in Table I . Both Type III and Type I pneumococcus dermal infections were treated with similar amounts of enzyme, in each instance 24 hours after infective inoculation. Control
TABLE II Inactivation of Enzyme by Heat
Six rabbits were infected intradermally with 0.001 cc. of rabbit-virulent Pneumococcus Type III broth culture. Two animals received single intravenous injections of enzyme 24 hours after infective inoculation. Two others were given the same amounts of enzyme solution which had been heated at 70°C. for 30 minutes. The remaining two animals similarly infected but untreated served as controls. cases show that the rabbits received at least 100 minimal fatal infective doses of pneumococci in the case of Type III, and ten and 100 minimal fatal infective doses, respectively, in the case of Type I.
Infected rabbits Enzyme (Lot 2-5-29)

Results
A
In this experiment, of the three rabbits infected with Type III Pneumococcus and subsequently treated with a single injection of the specific enzyme, all recovered, while of the two rabbits infected with Type I Pneumococcus and similarly treated both died. The curative action of the enzyme in this experimental disease, as in the mouse infections, is type-specific.
Heat Inactivation of the Enzyme
It has been shown previously that the activity of the enzyme, as measured by in vitro methods and by the protection test in mice, is destroyed by heat. The following experiment was designed to determine whether heating the enzyme also destroyed its curative action in rabbits.
Six rabbits were each infected intradermally with 100 minimal fatal doses (0.001 cc.) of the rabbit-virulent strain of Type III Pneumococcus. After 24 hours two of these animals were treated intravenously with 100 units of enzyme, and two others were given the same amount of enzyme which had been heated at 70°C. for 30 minutes. The two remaining animals were untreated and served as controls. The results of this experiment are summarized in Table II. In this experiment the animals which received injections of active enzyme recovered promptly. The two rabbits which were given the heated enzyme preparation died, as did also the two control animals. These results demonstrate that the curative principle of the enzyme preparation is heat-labile.
Active Immunity Following Enzyme Treatment
A considerable number of rabbits which have recovered following the administration of enzyme have later been reinfected by intradermal injections of pneumococci in order to determine whether or not active immunity had developed. In each case the injection was made in the same area in which the original infective inoculation had been given. The amount injected was 0.2 cc. of an 18 hour blood broth culture of the rabbit-virulent strain of Type III Pneumococcus. This is a massive infective dose, but previous studies (6) have shown this to be the most suitable dose for determining the presence of active immunity. The results obtained in a typical experiment are shown in Table III .
In the animals which had recovered promptly following enzyme injections given 24 to 48 hours after the original infection, no immunity could later be demonstrated. These animals reacted to the subsequent infection exactly like normal animals to an initial infection. On the other hand, in animals which had been originally treated with repeated small doses of enzyme, so that the disease was not arrested for several days, a high degree of active resistance to subsequent infection was found to be present.
Apparently in the first group of animals the specific antigen was destroyed too early to permit of its functioning as an effective stimulus to antibody formation. These results are analogous to those obtained by one of the writers in studying the immunity in animals after recovery following serum treatment (6).
DISCUSSION
These experiments have shown that the enzyme which decomposes the capsular polysaccharide of Type III Pneumococcus has a marked curative action in the disease brought about by infecting rabbits intradermally with a highly virulent strain of this organism. Following the injection of the enzyme in suitable amounts into the infected animal the blood stream becomes free of bacteria, the focal area of infection becomes sterilized, and the disease process ceases. A mortality rate of 5 per cent in treated cases is in sharp contrast to a mortality rate of 95 per cent in untreated rabbits.
The efficacy of the enzyme in infected rabbits might possibly have been predicted from its protective and curative action in mice. However, the infection in rabbits following intradermal injection of pneumococci is essentially different from the infection which occurs in mice following intraperitoneal injection. In the latter case a generalized infection rapidly occurs. In rabbits, on the other hand, the intraderreal injection of pneumococci is followed by a disease which is primarily localized in the skin, and under these conditions the infecting organisms are less accessible to the action of the intravenously administered enzyme.
The present study has not dealt with the mechanism of the action of the enzyme, but in view of the findings of Avery and Dubos with mice, it seems probable that the enzyme brings about the rapid decomposition of the specific capsular polysaccharide, whether it be in the capsules of the bacteria or circulating free in the body fluids. The bacteria freed of their capsules may then be readily taken up and destroyed by the phagocytic cells of the infected animal.
SUMMARY
The action of the enzyme which specifically decomposes the capsular polysaccharide of Type III Pneumococcus has been tested in Type III pneumococcus dermal infections in rabbits. When injected in sufficient amounts, this enzyme is capable of bringing about a favorable and early termination of the experimental disease which ordinarily is fatal in nearly all instances.
The results of the present study yield further evidence that the capsular substance is of great importance in pneumococcus infection, since, in so far as known, the only action, of which the specific enzyme is capable is that of decomposing the capsular polysaccharide.
